In the last years, several manufacturing control architectures using emergent paradigms and technologies, such as multi-agent and holonic manufacturing systems, have been proposed to address the challenge of developing control systems capable of handling certain types of disturbances at the factory level. One of these holonic architectures is ADACOR, which integrates a set of paradigms and technologies for distributed manufacturing systems complemented by formal modelling techniques, to achieve a flexible and adaptive holonic/collaborative control architecture. The results obtained in the first experiments using the ADACOR architecture are presented in this paper, and also compared to the results produced by other control architectures. For this purpose a set of quantitative and qualitative parameters were measured, to evaluate static and dynamic performance of the control architectures.
Introduction
In general, manufacturing systems are heterogeneous environments, comprising a variety of hardware and software applications. They are also asynchronous, stochastic and dynamic environments, with certain resources becoming unavailable and additional resources being introduced at random times, new jobs arriving continuously to the system, new products being frequently defined, and new regulations, such as quality and safety specifications, being regularly announced.
The economical and technological trends, associated to the customer satisfaction and products shorter life cycle impose new requirements to manufacturing systems that lead to new organizational structures (distributed, dynamic and open) , flexibility and agility to support volatile and dynamic markets.
To face these requirements the new generation of manufacturing control systems should exhibit important features, such as agility (reacting rapidly to the occurrence of disturbances), re-configurability (changing dynamically its configuration, without stopping or re-starting the process), scalability (accepting the addition of new components, without the need to re-design, re-program or re-initialize the existing ones), re-usability (allowing to re-use past or previous solutions to simplify development) and intelligence (anticipating future demands and learning from the past experience).
In the last years, several manufacturing control architectures using emergent paradigms and technologies, such as multi-agent and holonic manufacturing systems, have been proposed to address this challenge (see [1, 2, 3, 4] ). One of these holonic architectures is ADACOR (ADAptive holonic COntrol aRchitecture for Distributed Manufacturing Systems) [5] , which integrates a set of paradigms and technologies for distributed manufacturing systems (HMS, MAS, ...) complemented by formal modelling techniques (Petri nets, AUML, ...), to achieve a flexible and adaptive holonic/collaborative control architecture. ADACOR holonic control system is built upon a set of autonomous, cooperative and self-organized holons, each one representing a manufacturing component. ADACOR defines four holon classes [5]: product, task, operational and supervisor. The product holons represent the products available in the factory catalogue, the task holons represent the production orders launched to the shop floor and the operational holons represent the physical resources available in the shop floor. The supervisor holons provide co-ordination and optimization services to the holons under their supervision.
The adaptive ADACOR production control approach is neither completely decentralized nor hierarchical, but balances between a more centralized and a more flat approach, passing through other intermediate forms of control [5] . The presence of supervisor holons in a decentralised system, and the presence of selforganization capability associated to each ADACOR holon allows the evolution or the re-configurability of the control system, combining the global production optimization with the agile reaction to unpredictable disturbances. ADACOR production control evolves in time between two alternative states, stationary and transient states [5] . In stationary state the holons are organized in a hierarchical-like structure, with supervisor holons coordinating several operational and/or supervisor holons. The role of each supervisor holon is to introduce global optimization in the production process. The transient state, triggered with the occurrence of disturbances, is characterized by the re-organization of the holons in a heterarchical-like control architecture, allowing the agile reaction to disturbances. This re-organization is performed through the self-organization of each holon, mapped with the increase of its autonomy and the propagation of the disturbance to the neighbor holons using ant-based techniques. After the disturbance recovery, the operational holons reduce their autonomy, evolving the system to a new control structure (often returning to the original one).
The validation of ADACOR concepts requires their implementation in a real environment, to analyze their correctness and applicability. In spite of the promising perspectives of the holonic manufacturing paradigm and the research developed by the holonic community, only few industrial implementations were reported in the literature, such as those described in [6, 7] . This paper describes the experimental validation of ADACOR concepts in a flexible manufacturing system. The experimental results extracted from the implementation and testing allows to evaluate the ADACOR control system performance, both in terms of
